Background Background Little is known aboutthe
Little is known aboutthe treatment of delusional parasitosis with treatment of delusional parasitosis with typical and atypical antipsychotics. typical and atypical antipsychotics.
Aims Aims To evaluate the effectiveness of
To evaluate the effectiveness of typical and atypical antipsychotics in typical and atypical antipsychotics in primary delusional parasitosis (delusional primary delusional parasitosis (delusional disorder, somatic type). disorder, somatic type).
Method Method A systematic review was
A systematic review was conducted. conducted.
Results

Results No randomised trials were
No randomised trials were found and hence we collected the best found and hence we collected the best evidence from16 other trials and case evidence from16 other trials and case reports, separating primary from other reports, separating primary from other forms of delusional parasitosis. Studies forms of delusional parasitosis. Studies using typical antipsychotics showed partial using typical antipsychotics showed partial or full remission in between 60 and100% or full remission in between 60 and100% of patients. Analysis of selected patients of patients. Analysis of selected patients with primary delusional parasitosis with primary delusional parasitosis showed thattypical and atypical showed thattypical and atypical antipsychotics were effective in the antipsychotics were effective in the majority, butthat remission rates did not majority, butthat remission rates did not differ significantly between typical and differ significantly between typical and atypical antipsychotics. atypical antipsychotics.
Conclusions Conclusions In the absence of
In the absence of controlled trials there is limited evidence controlled trials there is limited evidence that antipsychotics are effective in primary that antipsychotics are effective in primary delusional parasitosis.Rigorous studies are delusional parasitosis.Rigorous studies are needed to evaluate their effectiveness and needed to evaluate their effectiveness and to compare typical and atypical to compare typical and atypical antipsychotics directly. antipsychotics directly.
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Delusional parasitosis is characterised by Delusional parasitosis is characterised by the fixed belief that one is infested with the fixed belief that one is infested with parasites or small living creatures although parasites or small living creatures although there is no medical evidence for this there is no medical evidence for this (Arnold, 2000; Freudenmann, 2002) . Pa- (Arnold, 2000; Freudenmann, 2002) . Patients usually complain about itching that tients usually complain about itching that they ascribe to the presence of animals in they ascribe to the presence of animals in or under the skin. The belief is usually held or under the skin. The belief is usually held with delusional intensity but the severity of with delusional intensity but the severity of the delusional intensity can vary. The the delusional intensity can vary. The annual prevalence of delusional parasitosis annual prevalence of delusional parasitosis is estimated at 80 cases per million inhabiis estimated at 80 cases per million inhabitants, with a yearly incidence of 20 per tants, with a yearly incidence of 20 per million (Trabert, 1997) . million (Trabert, 1997) .
History History
It is usually said that delusional parasitosis It is usually said that delusional parasitosis was first described by Thibierge in 1894 was first described by Thibierge in 1894 and Perrin in 1896. However, according and Perrin in 1896. However, according to Trabert's comprehensive historical literato Trabert's comprehensive historical literature search (Trabert, 1993 (Trabert, , 1997 , the ture search (Trabert, 1993 (Trabert, , 1997 , the clinical picture was first mentioned by clinical picture was first mentioned by Robert Willan in 1799 and Johann Heinrich Robert Willan in 1799 and Johann Heinrich Jordens in 1801. According to our research Jö rdens in 1801. According to our research neither author suspected a psychiatric neither author suspected a psychiatric aetology. Moreover, Musalek (1991) disaetology. Moreover, Musalek (1991) discovered a patient with delusions of covered a patient with delusions of intestinal intestinal parasitosis ( parasitosis (Enterozoenwahn Enterozoenwahn) in ) in an article from 1843 (Charcellay, 1843) . an article from 1843 (Charcellay, 1843).
Pathogenesis Pathogenesis
Delusional parasitosis is a non-specific synDelusional parasitosis is a non-specific syndrome rather than a single disorder. It can drome rather than a single disorder. It can occur as a delusional disorder, meeting occur as a delusional disorder, meeting ICD-10 criteria for persistent delusional ICD-10 criteria for persistent delusional disorder (World Health Organization, disorder (World Health Organization, 1993) and DSM-IV-TR criteria for delu-1993) and DSM-IV-TR criteria for delusional disorder, somatic type (American sional disorder, somatic type (American Psychiatric Association, 2000) . This is what Psychiatric Association, 2000) . This is what clinicians usually mean when they refer to clinicians usually mean when they refer to 'delusional parasitosis', although it ac-'delusional parasitosis', although it accounts only for about 40% of all patients counts only for about 40% of all patients with such symptoms (Trabert, 1995) . We with such symptoms (Trabert, 1995) . We will call this type of delusional parasitosis will call this type of delusional parasitosis 'primary delusional parasitosis' following 'primary delusional parasitosis' following Ganner & Lorenzi's (1975) (Magnan & Saury, 1889; Ekbom, 1938; Huber, 1957; Berrios, 1985; Freyne 1938; Huber, 1957; Berrios, 1985; Freyne & Wrigley, 1994; Freudenmann, 2002) . & Wrigley, 1994; Freudenmann, 2002) . Delusional parasitosis can also occur as a Delusional parasitosis can also occur as a folie a deux folie a`deux or or folie a trois folie a`trois (shared psy-(shared psychotic disorder; Trabert, 1995) as well as chotic disorder; Trabert, 1995) as well as by proxy (Nel by proxy (Nel et al et al, 2001) . Delusional para-, 2001). Delusional parasitosis syndromes can thus be classified acsitosis syndromes can thus be classified according to their pathogenesis (Appendix 1). cording to their pathogenesis (Appendix 1).
Clinical management Clinical management
The clinical management of patients with The clinical management of patients with delusional parasitosis is a challenge, as delusional parasitosis is a challenge, as patients are often reluctant to engage in a patients are often reluctant to engage in a meaningful therapeutic relationship because meaningful therapeutic relationship because of their somatic concept of the illness. Thus of their somatic concept of the illness. Thus they seek help from general practitioners, they seek help from general practitioners, dermatologists or pest control companies dermatologists or pest control companies but refuse psychiatric referral or therapy. but refuse psychiatric referral or therapy. Usually, it is difficult to obtain informed Usually, it is difficult to obtain informed consent to treat patients with delusional consent to treat patients with delusional parasitosis with antipsychotics. Therefore parasitosis with antipsychotics. Therefore experienced clinicians tell their patients experienced clinicians tell their patients that the antipsychotics are effective 'against that the antipsychotics are effective 'against the itch' or the 'problems with the pests' in the itch' or the 'problems with the pests' in order not to have to lie. A few practical order not to have to lie. A few practical guidelines have been proposed (Musalek, guidelines have been proposed (Musalek, 1991; Driscoll 1991; Driscoll et al et al, 1993; Winsten, 1997; , 1993; Winsten, 1997; Freudenmann, 2002) . Freudenmann, 2002) .
Another approach to achieve a better Another approach to achieve a better therapeutic relationship was developed in therapeutic relationship was developed in the late 1980s. Specialised out-patient the late 1980s. Specialised out-patient clinics were located in clinics were located in dermatology dermatology clinics clinics to acknowledge the patients' non-psychito acknowledge the patients' non-psychiatric concept of their illness (Musalek & atric concept of their illness (Musalek & Kutzer, 1989; Musalek Kutzer, 1989; Musalek et al et al, 1989; Musalek, , 1989; Musalek, 1991; Trabert, 1993) . However, even these 1991; Trabert, 1993). However, even these 'low threshold' settings have often failed to 'low threshold' settings have often failed to allow the establishment of a sufficient allow the establishment of a sufficient therapeutic alliance. Trabert's study in therapeutic alliance. Trabert's study in Homburg, Germany stated that 20 of 35 Homburg, Germany stated that 20 of 35 patients (57%) were seen for less than 3 patients (57%) were seen for less than 3 months (Trabert, 1993) . Despite all these months (Trabert, 1993) . Despite all these efforts, many patients lose faith in profesefforts, many patients lose faith in professional medicine and resort to dangerous sional medicine and resort to dangerous self-therapies such as excessive skin cleaning self-therapies such as excessive skin cleaning with chemicals or pesticides (Freudenmann, with chemicals or pesticides (Freudenmann, 2002 (Freudenmann, ). 2002 .
Antipsychotic treatment Antipsychotic treatment
For adequate treatment of delusional For adequate treatment of delusional parasitosis it is necessary to differentiate parasitosis it is necessary to differentiate between the different forms (Berrios, 1985;  between the different forms (Berrios, 1985; Freudenmann & Schonfeldt-Lecuona, 2005) . Freudenmann & Schö nfeldt-Lecuona, 2005) . Although antipsychotics provide the main Although antipsychotics provide the main treatment for primary delusional parasitosis, treatment for primary delusional parasitosis, they are used only symptomatically for they are used only symptomatically for delusional parasitosis secondary to somatic delusional parasitosis secondary to somatic diseases, which mainly requires adequate diseases, which mainly requires adequate therapy of the underlying disorder. Even in therapy of the underlying disorder. Even in recent years, many sources recommended recent years, many sources recommended the use of the typical antipsychotic pimozide the use of the typical antipsychotic pimozide in delusional parasitosis (Driscoll in delusional parasitosis (Driscoll et al et al, 1993; , 1993; van Vloten, 2003) (Lepping 2003) and amisulpride (Lepping et al et al, , 2005) .
Although it is often stated that there is a Although it is often stated that there is a lack of randomised controlled trials of the lack of randomised controlled trials of the use of antipsychotics (including pimozide) use of antipsychotics (including pimozide) in delusional parasitosis (Driscoll in delusional parasitosis (Driscoll et al et al, , 1993; Trabert, 1995; Freudenmann & 1993; Trabert, 1995; Freudenmann & Schonfeldt-Lecuona, 2005) , we know of Schö nfeldt-Lecuona, 2005), we know of no systematic review on this topic. Moreno systematic review on this topic. Moreover, no antipsychotic is licensed for the over, no antipsychotic is licensed for the treatment of delusional parasitosis. We treatment of delusional parasitosis. We therefore undertook the first systematic therefore undertook the first systematic review of the effectiveness of typical and review of the effectiveness of typical and atypical antipsychotic treatment for primary atypical antipsychotic treatment for primary delusional parasitosis (meeting ICD-10 delusional parasitosis (meeting ICD-10 F22.0 criteria for persistent delusional F22.0 criteria for persistent delusional disorder or DSM-IV-TR criteria for deludisorder or DSM-IV-TR criteria for delusional disorder of somatic type) in order to sional disorder of somatic type) in order to determine whether: determine whether: typical typical antipsychotics antipsychotics are effective in treating primary delusional are effective in treating primary delusional parasitosis and are more effective than parasitosis and are more effective than placebo; placebo; atypical atypical antipsychotics are effecantipsychotics are effective in treating primary delusional parasitotive in treating primary delusional parasitosis and more effective than placebo; sis and more effective than placebo; atypical antipsychotics are more or less atypical antipsychotics are more or less effective than typical antipsychotics. effective than typical antipsychotics.
METHODS METHODS
Search strategy Search strategy
Our first priority was to discover randomOur first priority was to discover randomised controlled trials that addressed the ised controlled trials that addressed the study questions. We tried to identify all study questions. We tried to identify all was performed using the search terms 'delusion(s) formed using the search terms 'delusion(s) of parasitosis', 'delusional parasitosis', 'deof parasitosis', 'delusional parasitosis', 'delusion(s) of infestation', '*parasitosis*', lusion(s) of infestation', '*parasitosis*', 'monosymptomatic hypochondriacal psy-'monosymptomatic hypochondriacal psychosis', 'parasitophob*', 'entomophob*', chosis', 'parasitophob*', 'entomophob*', 'acarophob*', 'Dermatozoenwahn', and 'acarophob*', 'Dermatozoenwahn', and 'Ekbom's syndrome' (discarding papers on 'Ekbom's syndrome' (discarding papers on the 'burning feet syndrome' which has also the 'burning feet syndrome' which has also been labelled with this eponym). We been labelled with this eponym). We checked the reference lists of identified artichecked the reference lists of identified articles. We searched the internet using Goocles. We searched the internet using Google, and textbooks of psychiatry, theses, gle, and textbooks of psychiatry, theses, unlisted journals and conference proceedunlisted journals and conference proceedings by hand. We wrote to pharmaceutical ings by hand. We wrote to pharmaceutical companies producing substances often used companies producing substances often used to treat delusional parasitosis and known to treat delusional parasitosis and known authorities in the authorities in the field of delusional parasifield of delusional parasitosis (e.g. Wolfgang tosis (e.g. Wolfgang Trabert, Emden, GerTrabert, Emden, Germany, and Marc Bourgeois, Bordeaux, many, and Marc Bourgeois, Bordeaux, France) to identify unpublished data on France) to identify unpublished data on the use of antipsychotics in delusional parathe use of antipsychotics in delusional parasitosis. We searched for continuing trials sitosis. We searched for continuing trials via two websites -ClinicalTrials (http:// via two websites -ClinicalTrials (http:// www. clinicaltrials.gov) and Current Conwww. clinicaltrials.gov) and Current Controlled Trials (http://www.controlledtrolled Trials (http://www.controlledtrials.com). trials.com).
Assessment of literature Assessment of literature P.L. and R.W.F. independently assessed P.L. and R.W.F. independently assessed whether all retrieved works dealt with deluwhether all retrieved works dealt with delusional parasitosis in general or primary sional parasitosis in general or primary delusional parasitosis, and whether the delusional parasitosis, and whether the intervention consisted of typical or atypical intervention consisted of typical or atypical antipsychotics. We also assessed whether antipsychotics. We also assessed whether any of these were randomised controlled any of these were randomised controlled trials. trials.
In the absence of randomised controlled In the absence of randomised controlled trials we planned to gather sound evidence trials we planned to gather sound evidence from other studies meeting defined inclufrom other studies meeting defined inclusion criteria (see Appendix 2). In particular sion criteria (see Appendix 2). In particular we sought well-designed quasi-experimental we sought well-designed quasi-experimental and observational studies relevant to our and observational studies relevant to our research questions. We included all open research questions. We included all open studies with either prospective design or studies with either prospective design or more than 30 patients. We then summore than 30 patients. We then summarised in structured form the main findmarised in structured form the main findings of the 16 studies meeting these ings of the 16 studies meeting these minimal criteria (Table DS1 , data minimal criteria (Table DS1 , data supplement to online version of this paper). supplement to online version of this paper). We assigned individual outcomes between We assigned individual outcomes between three main categories: no effect (0); partial three main categories: no effect (0); partial remission (i.e. some response) (1) and full remission (i.e. some response) (1) and full remission (2). To strengthen our remission (2). To strengthen our conclusions we also tried to separate priconclusions we also tried to separate primary delusional parasitosis from secondary mary delusional parasitosis from secondary delusional parasitosis. delusional parasitosis.
P.L. and R.W.F. also selected all case P.L. and R.W.F. also selected all case reports containing information on diagreports containing information on diagnosis of primary delusional parasitosis, gennosis of primary delusional parasitosis, gender, age, antipsychotic medication used and der, age, antipsychotic medication used and dose, and clinical outcome on the same 3-dose, and clinical outcome on the same 3-point scale after 4 weeks or more. In this point scale after 4 weeks or more. In this way we applied Trabert's case-based way we applied Trabert's case-based meta-analysis which is designed for uncommeta-analysis which is designed for uncommon syndromes that cannot be studied in a mon syndromes that cannot be studied in a traditional randomised controlled trial traditional randomised controlled trial (Trabert, 1995) . We also separated patients (Trabert, 1995) . We also separated patients treated with typical and atypical antipsytreated with typical and atypical antipsychotics. Although this approach is subject chotics. Although this approach is subject to publication bias because it considers only to publication bias because it considers only published cases, we aimed to increase published cases, we aimed to increase comparability between studies. To judge comparability between studies. To judge the success of this strategy we tested the success of this strategy we tested whether clinical outcomes differed signifiwhether clinical outcomes differed significantly between studies. cantly between studies.
RESULTS RESULTS
Literature search Literature search
We identified a total of 368 works on deluWe identified a total of 368 works on delusional parasitosis in general, including sional parasitosis in general, including poster presentations, in December 2005 poster presentations, in December 2005 ( Fig. 1) . We found most on Medline (Fig. 1) . We found most on Medline ( (n n¼191), and in review articles and the 191), and in review articles and the comprehensive theses of Musalek (1991) comprehensive theses of Musalek (1991) and Trabert (1993) . At least half were not and Trabert (1993) . At least half were not in English -most of these were in German, in English -most of these were in German, but some were in Italian and French. The but some were in Italian and French. The full bibliography can be obtained from the full bibliography can be obtained from the authors on request. authors on request.
Before the psychopharmacological era, Before the psychopharmacological era, which began with the discovery of which began with the discovery of chlorpromazine in 1952, only 31 works chlorpromazine in 1952, only 31 works on delusional parasitosis were retrieved. on delusional parasitosis were retrieved. The majority ( The majority (n n¼223) were published be-223) were published between 1952 and the launch of risperidone tween 1952 and the launch of risperidone in about 1990. The remainder ( in about 1990. The remainder (n n¼114) 114) were published after 1990, but many of were published after 1990, but many of these did not examine the use of atypical these did not examine the use of atypical antipsychotics. antipsychotics.
Absence of randomised controlled Absence of randomised controlled trials trials Table DS1 (see data supplement to online  Table DS1 (see data supplement to online version of this paper) summarises the 16 version of this paper) summarises the 16 quasi-experimental or observational studies quasi-experimental or observational studies which primarily used typical antipsychotics which primarily used typical antipsychotics and met our inclusion criteria (Frithz, 1979 ; and met our inclusion criteria (Frithz, 1979; Hamann & Avnstorp, 1982; Munro, 1982; Hamann & Avnstorp, 1982; Munro, 1982; Ungvari, 1983 Ungvari, , 1984 Ungvari Lyell, 1983; Ungvari, 1983 Ungvari, , 1984 Ungvari & Vladar, 1984 , 1986 Lindskov & & Vladar, 1984 , 1986 Bourgeois, Baadsgaard, 1985; Bourgeois, et al et al, 1986; , 1986; Reilly & Batchelor, 1986; Musalek, Reilly & Batchelor, 1986; Musalek, et al et al, , 1989; Paholpak, 1990; Trabert, 1993 Trabert, , 1989 Paholpak, 1990; Trabert, 1993 Trabert, , 1995 Srinivasan 1995; Srinivasan et al et al, 1994; Zomer , 1994; Zomer et al et al, , 1998; Bhatia 1998; Bhatia et al et al, 2000) . The studies , 2000). The studies showed aggregate partial and full remission showed aggregate partial and full remission rates between 60 and 100% after treatment rates between 60 and 100% after treatment with typical antipsychotics. Unfortunately, with typical antipsychotics. Unfortunately, the majority were not limited to primary the majority were not limited to primary delusional parasitosis. Nevertheless they delusional parasitosis. Nevertheless they suggest a generally good outcome for prisuggest a generally good outcome for primary and other forms of delusional parasimary and other forms of delusional parasitosis whenever continuous antipsychotic tosis whenever continuous antipsychotic treatment can be established. treatment can be established.
Effect of typical antipsychotics Effect of typical antipsychotics
In primary delusional parasitosis, agIn primary delusional parasitosis, aggregate partial and full remission rates with gregate partial and full remission rates with pimozide ranged from 67 % ( pimozide ranged from 67 % (n n¼66; Lyell, 66; through 89% ( 1983) through 89% (n n¼9; Munro, 1982) 9; Munro, 1982) to 100% ( to 100% (n n¼10; Ungvari & Vladar, 1984, 10; Ungvari & Vladar, 1984 , 1986 ), 1986 , n n¼18; Ungvari, 1983 Ungvari, , 1984 . In 18; Ungvari, 1983 Ungvari, , 1984 . In mixed mixed samples with primary and other samples with primary and other forms of delusional parasitosis, aggregate forms of delusional parasitosis, aggregate partial and full remission rates with pimopartial and full remission rates with pimozide were similar and varied from 61% zide were similar and varied from 61% ( (n n¼33; Zomer 33; Zomer et al et al, 1998), through 87% , 1998), through 87% ( (n n¼52; Bhatia 52; Bhatia et al et al, 2000) to 91% ( , 2000) to 91% (n n¼11; 11; Hamann & Avnstorp, 1982) . A high rate Hamann & Avnstorp, 1982) . A high rate of side-effects such as sedation, extrapyraof side-effects such as sedation, extrapyramidal symptoms and depression was noted midal symptoms and depression was noted in several studies using pimozide (38%; in several studies using pimozide (38%; Ungvari, 1983, 1984 and 73%; Hamann Ungvari, 1983, 1984 and 73%; Hamann & Avnstorp, 1982) . & Avnstorp, 1982) .
The only two placebo-controlled trials in The only two placebo-controlled trials in delusional parasitosis both used pimozide delusional parasitosis both used pimozide (Hamann & Avnstorp, 1982; Ungvari & (Hamann & Avnstorp, 1982; Ungvari & Vladar, 1984 , 1986 . However, they are Vladar, 1984 Vladar, , 1986 . However, they are limited by a lack of randomised allocation limited by a lack of randomised allocation to the treatment groups and small samples to the treatment groups and small samples ( (n n¼10 or 11 respectively). Only Ungvari 10 or 11 respectively). Only Ungvari & Vladar (1984 , 1986 ) treated patients & Vladar (1984 , 1986 ) treated patients with primary delusional parasitosis. with primary delusional parasitosis.
Studies not specific for particular antiStudies not specific for particular antipsychotics demonstrated aggregate partial psychotics demonstrated aggregate partial and full remission rates between 82% and full remission rates between 82% ( (n n¼35, not only primary delusional parasi-35, not only primary delusional parasitosis, Trabert, 1993) and 89% ( tosis, Trabert, 1993) and 89% (n n¼19, only 19, only primary delusional parasitosis, but some primary delusional parasitosis, but some patients were treated with electroconvulpatients were treated with electroconvulsive therapy; Srinivasan sive therapy; Srinivasan et al et al, 1994) . , 1994). The only study that investigated traThe only study that investigated traditional depot antipsychotics found an ditional depot antipsychotics found an aggregate response and remission rate of aggregate response and remission rate of 93%, even in patients that could not be 93%, even in patients that could not be treated with oral medication (Frithz, 1979) . treated with oral medication (Frithz, 1979) .
The sample consisted only of patients The sample consisted only of patients with primary delusional parasitosis with primary delusional parasitosis ( (n n¼15). Another study using haloperidol 15). Another study using haloperidol reported a 100% response rate (but no full reported a 100% response rate (but no full remissions) (Paholpak, 1990) ; nine of ten remissions) (Paholpak, 1990) ; nine of ten patients in this study had primary delupatients in this study had primary delusional parasitosis. sional parasitosis.
Across the different typical antipsychoAcross the different typical antipsychotics used, an effect of antipsychotic meditics used, an effect of antipsychotic medication in delusional parasitosis was noted cation in delusional parasitosis was noted after about 3-6 weeks (Hamann & after about 3-6 weeks (Hamann & Avnstorp, 1982; Trabert, 1995) . Studies Avnstorp, 1982; Trabert, 1995) . Studies came to different conclusions as to whether came to different conclusions as to whether or not it is necessary to continue antior not it is necessary to continue antipsychotics after successful acute therapy. psychotics after successful acute therapy.
Symptoms of delusional parasitosis that Symptoms of delusional parasitosis that were associated with major depression were associated with major depression could be treated successfully with antidecould be treated successfully with antidepressants (Musalek pressants (Musalek et al et al, 1989; Trabert, , 1989; Trabert, 1993; Bhatia 1993; Bhatia et al et al, 2000) . , 2000). One small study indicated that electroOne small study indicated that electroconvulsive therapy might be effective in convulsive therapy might be effective in patients with primary delusional parasitosis patients with primary delusional parasitosis (Srinivasan (Srinivasan et al et al, 1994) . , 1994). A survey of British dermatologists sug-A survey of British dermatologists suggested that combining psychopharmacologested that combining psychopharmacological and dermatological treatments (local gical and dermatological treatments (local and systemic) is superior to single therapeuand systemic) is superior to single therapeutic approaches. Of particular note is that tic approaches. Of particular note is that therapy without psychotropic medication therapy without psychotropic medication was ineffective (Reilly & Batchelor, 1986) . was ineffective (Reilly & Batchelor, 1986) .
We abstracted data from case series and We abstracted data from case series and case reports on 92 patients with primary case reports on 92 patients with primary delusional parasitosis treated with typical delusional parasitosis treated with typical antipsychoticss who met our selection criantipsychoticss who met our selection criteria -(see Table DS2 teria -(see Table DS2 (data supplement to (data supplement to online version of this paper online version of this paper) (Riding & ) (Riding & Munro, 1975; Gould & Gragg, 1976; Munro, 1975; Gould & Gragg, 1976; Munro, 1978 Munro, 1978a a, ,b b, 1982 Frithz, 1979; , 1982; Frithz, 1979; Avnstorp Avnstorp et al et al, 1980; Ungvari, 1984; Berrios, , 1980; Ungvari, 1984 ; Berrios, 2 0 0 2 0 0 AUTHOR'S PROOF AUTHOR'S PROOF 1986; Sheppard , 1986; Sheppard et al et al, , 1986; Ungvari & Vladar, 1986; May & 1986; Ungvari & Vladar, 1986; May & Terpenning, 1991; Srinivasan Terpenning, 1991; Srinivasan et al et al, 1994; , 1994; Chiu Chiu et al et al, 1996; Rasanen , 1996; Rasanen et al et al, 1997; , 1997; Kim Kim et al et al, 2003; Takahashi , 2003; Takahashi et al et al, 2003) . , 2003). Table 1 shows that the majority were Table 1 shows that the majority were treated with pimozide, whereas for other treated with pimozide, whereas for other typical antipsychotics only small numbers typical antipsychotics only small numbers have been reported. The majority of these have been reported. The majority of these patients with primary delusional parasitosis patients with primary delusional parasitosis were effectively treated with typical were effectively treated with typical antipsychotics. Pimozide was helpful for antipsychotics. Pimozide was helpful for 50 of 53 patients (94%), with 24 (45%) 50 of 53 patients (94%), with 24 (45%) achieving full remission. Trifluoperazine achieving full remission. Trifluoperazine and haloperidol appeared to be similarly and haloperidol appeared to be similarly effective, as did fluphenazine and effective, as did fluphenazine and flupenthixol depot. flupenthixol depot.
Effect of atypical antipsychotics Effect of atypical antipsychotics
We were able to identify only 12 case We were able to identify only 12 case reports on atypical antipsychotics that met reports on atypical antipsychotics that met our selection criteria (Table 2 ). Although our selection criteria (Table 2) . Although atypical antipsychotics were effective for atypical antipsychotics were effective for the majority of patients with primary the majority of patients with primary delusional parasitosis only three patients delusional parasitosis only three patients achieved full remission. All six patients for achieved full remission. All six patients for whom risperidone was prescribed, achieved whom risperidone was prescribed, achieved full (four) or partial (two) remission; the full (four) or partial (two) remission; the dosages used ranged from 1 to 8 mg per day. dosages used ranged from 1 to 8 mg per day.
Effect of typical Effect of typical v. v. atypical atypical antipsychotics antipsychotics
The five main studies of patients with The five main studies of patients with primary delusional parasitosis treated with primary delusional parasitosis treated with typical antipsychotics report very heterotypical antipsychotics report very heterogeneous outcomes (Table 3) , suggesting geneous outcomes (Table 3) , suggesting that the studies themselves are very heterothat the studies themselves are very heterogeneous, for example in their inclusion and geneous, for example in their inclusion and exclusion criteria (selection bias) or in their exclusion criteria (selection bias) or in their definitions of partial and full remission definitions of partial and full remission (measurement bias), or that there is publi-(measurement bias), or that there is publication bias. Furthermore, the eight studies cation bias. Furthermore, the eight studies of patients with secondary delusional paraof patients with secondary delusional parasitosis treated with typical antipsychotics sitosis treated with typical antipsychotics reported heterogeneous outcomes. This reported heterogeneous outcomes. This reduces the value of comparing studies reduces the value of comparing studies reporting the use of typical primary reporting the use of typical primary antiantipsychotics in secondary delusional parasipsychotics in secondary delusional parasitosis. However, there was a large tosis. However, there was a large difference between the failure rate of 5% difference between the failure rate of 5% in primary delusional parasitosis and that in primary delusional parasitosis and that of at least 26% in secondary delusional of at least 26% in secondary delusional parasitosis ( parasitosis (w w 
DISCUSSION DISCUSSION
This is the first systematic review of the This is the first systematic review of the effectiveness of typical and atypical antieffectiveness of typical and atypical antipsychotics in the treatment of delusional psychotics in the treatment of delusional parasitosis. Our review was based on 368 parasitosis. Our review was based on 368 published works and covered almost twice published works and covered almost twice as many papers as the 193 covered by the as many papers as the 193 covered by the most comprehensive review published to most comprehensive review published to date (Trabert, 1993) . In contrast to predate (Trabert, 1993) . In contrast to previous review articles (e.g. Aw vious review articles (e.g. Aw et al et al, 2004; , 2004; Bourgeois & Nguyen-Lan, 1986; Driscoll Bourgeois & Nguyen-Lan, 1986; Driscoll et al et al, 1993; Freudenmann, 2002; Lynch, , 1993; Freudenmann, 2002; Lynch, 1993; Slaughter 1993; Slaughter et al et al, 1998; Wykoff, , 1998; Wykoff, 1987; Zanol 1987; Zanol et al et al, 1998) , our review , 1998), our review focuses on primary delusional parasitosis. focuses on primary delusional parasitosis. We separated this important form of deluWe separated this important form of delusional parasitosis (delusional disorder of sional parasitosis (delusional disorder of somatic type) from symptomatic forms of somatic type) from symptomatic forms of delusional parasitosis ('secondary deludelusional parasitosis ('secondary delusional parasitosis') which cover different sional parasitosis') which cover different nosological entities and require other forms nosological entities and require other forms of therapy that focus on the underlying of therapy that focus on the underlying illness. As we were unable to show homoillness. As we were unable to show homogeneity in the outcomes of primary and geneity in the outcomes of primary and secondary delusional parasitosis, we did not secondary delusional parasitosis, we did not review other studies examining the effect of review other studies examining the effect of antipsychotic medication in other types of antipsychotic medication in other types of ICD-10 F22.0 disorders, which also differ ICD-10 F22.0 disorders, which also differ clinically from delusional parasitosis. clinically from delusional parasitosis.
Our systematic review identified no Our systematic review identified no randomised controlled trials of the efficacy randomised controlled trials of the efficacy of typical and atypical antipsychotics in of typical and atypical antipsychotics in primary delusional parasitosis, probably primary delusional parasitosis, probably because the disorder is rare and it is diffibecause the disorder is rare and it is difficult to recruit patients, obtain informed cult to recruit patients, obtain informed consent, and achieve sufficient adherence consent, and achieve sufficient adherence 2 01 2 01 AUTHOR'S PROOF AUTHOR'S PROOF Method used for identification and selection of studies of delusional parasitosis.
to medication throughout a clinical trial to medication throughout a clinical trial because of their poor insight (Gould & because of their poor insight (Gould & Gragg, 1976; Munro, 1982; Ungvari & Gragg, 1976; Munro, 1982; Ungvari & Vladar, 1986; Freudenmann & SchonfeldtVladar, 1986; Freudenmann & Schö nfeldtLecuona, 2005) . It is difficult to establish a Lecuona, 2005) . It is difficult to establish a good therapeutic alliance with these patients good therapeutic alliance with these patients even in highly specialised settings (Trabert, even in highly specialised settings (Trabert, 1993) . Because of a lack of randomised 1993). Because of a lack of randomised controlled trials all our suggestions for controlled trials all our suggestions for therapy need to be interpreted cautiously. therapy need to be interpreted cautiously. Nevertheless we are keen to provide cliniNevertheless we are keen to provide clinicians with the current best evidence. cians with the current best evidence.
Use of typical antipsychotics Use of typical antipsychotics
Our findings show that primary delusional Our findings show that primary delusional parasitosis can be effectively treated with parasitosis can be effectively treated with typical antipsychotics. Outcome is generally typical antipsychotics. Outcome is generally good, although this conclusion is limited by good, although this conclusion is limited by a possible publication bias. We confirm a possible publication bias. We confirm Trabert's finding that the introduction of Trabert's finding that the introduction of typical antipsychotics has substantially imtypical antipsychotics has substantially improved remission rates (Trabert, 1995) . proved remission rates (Trabert, 1995) . Although the better studies have so far used Although the better studies have so far used pimozide (Hamann & Avnstorp, 1982; Unpimozide (Hamann & Avnstorp, 1982; Ungvari & Vladar, 1984 , 1986 , the evidence gvari & Vladar, 1984 Vladar, , 1986 , the evidence for its efficacy is weak by today's stanfor its efficacy is weak by today's standards. (Food and Drug Administration, 1996) , or in elderly Drug Administration, 1996), or in elderly patients with delusional parasitosis. patients with delusional parasitosis.
Another important treatment in priAnother important treatment in primary delusional parasitosis is the intramusmary delusional parasitosis is the intramuscular application of traditional depot cular application of traditional depot antipsychotics (Frithz, 1979) , because the antipsychotics (Frithz, 1979) , because the main problem in clinical management is main problem in clinical management is to convince patients to take oral medication to convince patients to take oral medication regularly. Injection may be more consistent regularly. Injection may be more consistent with patients' (false) somatic concept of with patients' (false) somatic concept of their illness and require less cooperation their illness and require less cooperation than oral medication. If the patient agrees than oral medication. If the patient agrees to a first depot injection, the delusion may to a first depot injection, the delusion may well remit at least partially and further antiwell remit at least partially and further antipsychotic treatment will be accepted. As the psychotic treatment will be accepted. As the only study of this approach (Frithz, 1979) has only study of this approach (Frithz, 1979) has only 15 patients, larger samples are needed. only 15 patients, larger samples are needed.
Our systematic review revealed only 12 Our systematic review revealed only 12 usable case reports of the use of atypical usable case reports of the use of atypical antipsychotics in primary delusional parasiantipsychotics in primary delusional parasitosis. These provide limited evidence that tosis. These provide limited evidence that primary delusional parasitosis can be treaprimary delusional parasitosis can be treated effectively with these drugs. To our ted effectively with these drugs. To our knowledge, this is the first complete collecknowledge, this is the first complete collection of patients with primary delusional tion of patients with primary delusional parasitosis treated with atypical antipsyparasitosis treated with atypical antipsychotics, whereas many patients with secchotics, whereas many patients with secondary forms of delusional parasitosis ondary forms of delusional parasitosis have been reported in recent years (e.g. . Thus the evidence for the use of atypical antipsychotics dence for the use of atypical antipsychotics in delusional parasitosis is even weaker in delusional parasitosis is even weaker than for typical antipsychotics. than for typical antipsychotics.
Most case reports are available for risMost case reports are available for risperidone, whereas we are not aware of reperidone, whereas we are not aware of reports on the use of clozapine, ziprasidone ports on the use of clozapine, ziprasidone or aripiprazole in primary delusional or aripiprazole in primary delusional parasitosis. Amisulpride might be a good parasitosis. Amisulpride might be a good alternative given that its selective D alternative given that its selective D 2 2 /D /D 3 3 --antidopaminergic action resembles that of antidopaminergic action resembles that of typical antipsychotics without the same high typical antipsychotics without the same high probability of side-effects (Freudenmann & probability of side-effects (Freudenmann & Lepping, 2006; Lepping Lepping, 2006; Lepping et al et al, 2006) . Its , 2006) . Its lack of anticholinergic and adrenolytic lack of anticholinergic and adrenolytic effects is particularly useful in elderly effects is particularly useful in elderly patients or patients with a higher cardiovaspatients or patients with a higher cardiovascular risk profile. Risperidone microspheres cular risk profile. Risperidone microspheres for intramuscular injection provide a potenfor intramuscular injection provide a potentially interesting new treatment for delutially interesting new treatment for delusional parasitosis, as this is the only sional parasitosis, as this is the only atypical antipsychotic in depot form, but atypical antipsychotic in depot form, but this recommendation is entirely theoretical this recommendation is entirely theoretical since there are no reports of the use of since there are no reports of the use of risperidone microspheres in delusional risperidone microspheres in delusional parasitosis at present. parasitosis at present.
Other treatment options Other treatment options
An alternative to these pharmacological An alternative to these pharmacological strategies is electroconvulsive therapy. The strategies is electroconvulsive therapy. The use of electroconvulsive therapy in a patient use of electroconvulsive therapy in a patient with delusional parasitosis was first with delusional parasitosis was first 2 0 2 2 0 2 AUTHOR'S PROOF AUTHOR'S PROOF (Baumer, 1951; Bers & Conrad, 1954; Hopkinson, 1951; Bers & Conrad, 1954; Hopkinson, 1970) . 1970). Srinivasan Srinivasan et al et al (1994 Srinivasan et al et al ( ) reported effec-(1994 reported effectiveness tiveness in primary delusional parasitosis in in primary delusional parasitosis in a small sample. Electroconvulsive therapy a small sample. Electroconvulsive therapy might be a useful option in cooperative remight be a useful option in cooperative refractory patients when antipsychotics are fractory patients when antipsychotics are contraindicated or problematic (e.g. in the contraindicated or problematic (e.g. in the elderly). elderly).
Synthesis Synthesis
The very heterogeneous outcomes reported The very heterogeneous outcomes reported by the five main studies of treating primary by the five main studies of treating primary delusional parasitosis with typical antipsydelusional parasitosis with typical antipsychotics (see Table 3 ) suggest that the studies chotics (see Table 3 ) suggest that the studies themselves suffer from some or all of selecthemselves suffer from some or all of selection bias, measurement bias and publication bias, measurement bias and publication bias. Together with these flaws the tion bias. Together with these flaws the paucity of evidence on treating primary depaucity of evidence on treating primary delusional parasitosis with atypical antipsylusional parasitosis with atypical antipsychotics undermines any comparison of chotics undermines any comparison of typical and atypical antipsychotics. Despite typical and atypical antipsychotics. Despite weaker evidence for the effectiveness of atyweaker evidence for the effectiveness of atypical antipsychotics in treating delusional pical antipsychotics in treating delusional parasitosis in comparison with pimozide, parasitosis in comparison with pimozide, the use of atypical antipsychotics might the use of atypical antipsychotics might improve side-effects, and thus adherence improve side-effects, and thus adherence and patient outcome. and patient outcome.
It is important to strengthen this weak It is important to strengthen this weak evidence in the future. We limited our evidence in the future. We limited our selection of case series and case reports of selection of case series and case reports of delusional parasitosis to those including a delusional parasitosis to those including a minimum data-set for each recruited minimum data-set for each recruited patient (age, gender, the nature and timing patient (age, gender, the nature and timing of diagnosis, the name and dose of mediof diagnosis, the name and dose of medication, and the nature and timing of remiscation, and the nature and timing of remission on a 3-point scale; Appendix 2). sion on a 3-point scale; Appendix 2).
Implications Implications
Our systematic review generated weak eviOur systematic review generated weak evidence that antipsychotics are effective in dence that antipsychotics are effective in treating primary delusional parasitosis. treating primary delusional parasitosis. However, in view of the limited evidence, However, in view of the limited evidence, this recommendation is tentative and needs this recommendation is tentative and needs caution in implementation. Since the introcaution in implementation. Since the introduction of atypical antipsychotics, pimoduction of atypical antipsychotics, pimozide is no longer the treatment of choice zide is no longer the treatment of choice for reasons of drug safety for reasons of drug safety, even though it , even though it has the best evidence of effectiveness in has the best evidence of effectiveness in treating primary delusional parasitosis. It treating primary delusional parasitosis. It is important to improve this evidence is important to improve this evidence through rigorous, ideally randomised, studies through rigorous, ideally randomised, studies which compare typical antipsychotics and which compare typical antipsychotics and atypical antipsychotics directly. atypical antipsychotics directly. (1) (1) Brain disorders not mentioned in ICD^10 F0 (e.g.
APPENDICES APPENDICES
Brain disorders not mentioned in ICD^10 F0 (e.g. brain neoplasm/infection, stroke); 'organic brain neoplasm/infection, stroke); 'organic damage with secondary delusions' according to damage with secondary delusions' according to Berrios (1985) , first described by Ekbom (1938) . Berrios (1985) , first described by Ekbom (1938).
(2) (2) Somatic illness with pruritus or paraesthesia (e.g. Somatic illness with pruritus or paraesthesia (e.g. diabetes mellitus with neuropathic pain, uraemia, diabetes mellitus with neuropathic pain, uraemia, jaundice, cancer); 'paraesthesia or other somatic jaundice, cancer); 'paraesthesia or other somatic pathological sensations with secondary delusions' pathological sensations with secondary delusions' according to Berrios (1985) according to Berrios (1985) (c) Delusional parasitosis as a substance-induced 'toxic' (c) Delusional parasitosis as a substance-induced 'toxic' psychosis: psychosis: Substance-induced 'paraesthesia or other somatic Substance-induced 'paraesthesia or other somatic pathological sensations with secondary delusions' pathological sensations with secondary delusions' according to Berrios (1985) , first described by according to Berrios (1985) AUTHOR'S PROOF AUTHOR'S PROOF 
